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AntioxidantAbstract Biofabrication of copper oxide nanoparticles (CuO-NPs) of a desired size remains a
signiﬁcant challenge. In this report, CuO-NPs were fabricated by treating 10 mM copper nitrate
with Andean blackberry fruit (ABF) and leaf (ABL); and evaluated its antioxidant activity.
As-prepared NPs characterization were determined by UV–visible spectrophotometry, Dynamic
Light Scattering (DLS), transmission electron microscopy (TEM) with selected area electron
diffraction (SAED) and X-ray diffraction (XRD) analysis. UV–visible spectroscopy showed an elec-
tronic excitonic transition at 250–255 nm clearly reveals the formation of ABF and ABL CuO-NPs.
DLS analysis demonstrated mean diameter of ABF CuO-NPs (43.3 nm) smaller than ABL CuO-
NPs (52.5 nm). TEM with SAED conﬁrmed the CuO-NPs are spherical and of partial crystalline
nature. Furthermore, the antioxidant efﬁcacy of ABF CuO-NPs showed 89.02%, 1 mM whereas
ABL CuO-NPs 75.92%, 1 mM against 1,1-diphenyl-2-picrylhydrazyl. From the results obtained
it is suggested that green CuO-NPs could be used effectively in future biomedical concerns.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Nanotechnology with fabrication of metal nanoparticles
(MNPs) using high-efﬁciency and low-cost biological sourcesare of interest to chemists, biologists and material scientists.
Among all MNPs, copper oxide nanoparticles (CuO-NPs)
have gained considerable attention in the past two decades
due to their simplicity and exhibit a range of potentially useful
physical properties, depending strongly on their shape, size,
and composition [1]. They are found to be potentially useful
in different materials, such as gas sensors, dye sensitized solar
cells (DSSCs) [2], paints, plastics, ﬁlters and textiles, to provide
antimicrobial properties [3,4], etc. In the medical ﬁeld, CuO-
NPs are of high interest due to the lower probability of micro-
bial resistance against this type of biocide [5]. The production
of metal based nanoparticles by chemical and physical meth-
ods is not ecofriendly [6,7]. Hence, ecofriendly methods for
Figure 1 Major phytochemical of Andean blackberry fruit and leaf.
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microorganisms [10], fungi extract [11], enzymes [12], leaf
extracts [13], etc. are given much attention. In literature,
biofabrication of CuO-NPs using magnolia leaf/plant extract
[14], yeast, and fungi [15], algae [16], tea leaf and coffee powder
[17] has been already reported.
Rubus species, commonly referred as the blackberry
(Figure 1) has been used in day to day life because of their
nutritional and medicinal importance [18]. The Andean black-
berry (Rubus glaucus Benth.) is a naturally occurring dark-red
color, juicy, and ﬂavored fruit, native to the Andean region of
South and Central America, mainly Ecuador and Colombia
[19]. It is highly appreciated for food industry products such
as jam, juice, frozen pulp and to a minor extent, wines. The
main phenolic composition, consists of ellagitannins and
anthocyanins [20,21]. The blackberry leaves have been used
for their hypoglycemic activities, astringent, antidiarrheic,
and as an anti-inﬂammatory agent for the mucous membrane
of the oral cavity and throat [22]. It contains a notable amount
of ﬂavonoids, ellagic acid and tannins [23].
The aims of this study were to investigate the biofabrication
of CuO-NPs using Andean blackberry fruit (ABF)/leaves
(ABL) and in vitro evaluation of its antioxidant efﬁcacy again-
st 1, 1-diphenyl-2-picrylhydrazyl (DPPHÆ). The results would
help to utilize as synthesized CuO-NPs effectively in future
biomedical concerns.
2. Materials and methods
2.1. Synthesis of copper oxide nanoparticles
All chemical reagents were used without any puriﬁcation.
Copper Nitrate (Cu(NO3)2. 3H2O, 99.0%) was purchased
from Spectrum (USA) and ABF/ABL were collected from
the open market near Universidad de las Fuerzas Armadas-
ESPE, Sangolqui, Ecuador. 1, 1-diphenyl-2-picrylhydrazyl
(DPPH, >99.5%) was purchased from Sigma Aldrich, USA
and Milli-Q water was used in all experiments. The collected
fresh Andean blackberry fruit (5 g) and leaves (5 g) were
washed thoroughly with Milli-Q water; heated (65–70 C) in
50 mL of deionized water for 60 min. After cooling, the pink-
ish red (ABF) and green (ABL) color extract was ﬁltered using
Whatman paper No.1. The ﬁltrate was collected in a 50 mL
Erlenmeyer ﬂask and stored at 4 C for further use. For greensynthesis, 0.3, 0.5, 1.0 and 1.5 mL of ABF/ABL ﬁltrate was
mixed with 10 mL of 10 mM copper nitrate solution and
stirred for 6 h at 75–80 C. The synthesized CuO-NPs were
further subjected for characterization studies.
2.2. Evaluation of antioxidant activity
The free radical scavenging activity of the CuO-NPs was mea-
sured by using DPPHÆas a free radical model and a method
adapted from Kumar et al. (2014) [13]. An aliquot (1.0–
0.2 mL) of CuO-NPs (10 mM) or control and (1.0–1.8 mL)
of H2O was mixed with 2.0 mL of 0.2 mM DPPHÆin absolute
methanol. The mixture was vortexed vigorously and allowed
to stand at 22–25 C for 30 min in the dark. Absorbance of
the mixture was measured spectrophotometrically at kmax
517 nm, and the free radical scavenging activity was evaluated
using Eq. (1):
Scavenging effect ð%Þ
¼ ½1 fabsorbance of sample=absorbance of controlg  100
ð1Þ
The scavenging percentage of all samples were plotted.
The ﬁnal result was expressed as % of DPPH free radical
scavenging activity (mM).
2.3. Characterization of copper oxide nanoparticles
The Andean blackberry fruit and leaf extract mediated
CuO-NPs were conﬁrmed with UV–visible, single beam
spectrophotometer (Thermo Spectronic, GENESYS 8,
England, Quartz Cell, path length 10 mm and graph plotted
on the Origin 6.1 program). The hydrodynamic size distribu-
tions of nanoparticles were determined using the HORIBA,
Dynamic Light Scattering (DLS) Version LB-550 program.
Morphology and selected area electron diffraction (SAED)
pattern of nanoparticles are studied on transmission electron
microscopy, TEM (FEI, TECNAI, G2 spirit twin, Holland).
X-ray diffraction (XRD) studies on thin ﬁlms of the
nanoparticle were carried out using a PANalytical brand
h–2h conﬁguration (generator–detector) X-ray tube copper
k=1.54 A and EMPYREAN diffractometer. The FTIR-ATR
spectra were collected in the transmission mode (4000–650 cm1)
using a Perkin Elmer spectrophotometer (FTIR Spectrum Two).
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3.1. UV–vis study
The CuO-NPs were efﬁciently synthesized from ABF and ABL
extract with visual observation of color change (disappearance200 300 400 500 600 700 800
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Figure 2 UV–Vis spectra of CuO-NPs using (a) ABF and (b)
ABL.
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Figure 3 Histogram of the particle size distribution of Cof blue color). In Figure 2a, ABF extract shows two peaks of
maximum absorption at 240 nm and 510 nm characteristic of
ﬂavonoids, ellagitannins and anthocyanins [20,21] that are
very abundant in the berry fruits whereas ABL extract
(Figure 2b), shows peaks at 240 nm and 360 nm which are
attributed to the presence of ﬂavonoids, ellagic acid and
tannins in berry leaves [23]. Figure 2 illustrates the effect of
different compositions of ABF/ABL extract on the formation
of CuO-NPs. When the composition of extract increases,
the absorption peaks become stronger and the maximum
absorption of CuO-NPs is shifted from 250 to 255 nm. The
green synthesized CuO-NPs showed absorbance spectra at
250–255 nm in UV–visible spectroscopy, which are attributed
to the formation of cuprous oxide (Cu2O)/cupric oxide
(CuO) nanoparticles [16] and there was no absorption peak
of ABF/ABL extract observed in this range. The UV–visible
spectra did not change even after a prolonged storage. The
spectra clearly agree with the result enlightens that the
synthesized nanoparticles were found to be symmetrical, with
spherical in nature [16,17,24].
3.2. DLS study
The DLS analysis was used to ﬁnd out the size of nanoparti-
cles. Figure 3a and b shows green synthesized CuO-NPs using
ABF and ABL average particle size distribution were 43.3 and
52.5 nm, respectively. It clearly indicates that the ABF extract
was more efﬁcient than the ABL for the synthesis of smaller
CuO-NPs.
3.3. TEM-SAED study
The morphology and size of the resultant CuO-NPs prepared
using ABF and ABL were elucidated with the help of TEM
as shown in Figure 4a–f. Nanoparticles observed from the
micrograph majority are well organized and spherical with a
mean size of 45 and 53 nm, respectively. The correspondingMedian = 0.0389 μm
Mean    = 0.0433 μm
S.D. = 0.0200 μm
Median = 0.0438 μm 
Mean    = 0.0525 μm
S.D. = 0.0312 μm
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uO-NPs synthesized from the (a) ABF and (b) ABL.
Figure 4 TEM-SAED images of synthesized CuO-NPs using ABF (a–c) and ABL (d–f).
Figure 5 XRD spectrum of CuO-NPs synthesized from the (a)
ABF and (b) ABL.
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DLS size (Figure 3a and b). The presence of SAED pattern
(Figure 4d and f) indicated the partial crystalline properties
of the synthesized CuO-NPs. These properties could enhance
the diffraction contrast due to their orientation with respect
to the electron beam.
3.4. XRD study
Figure 5 shows the XRD patterns of the as-prepared CuO-NPs
using ABF and AML extract. XRD analysis revealed small
distinct diffraction peaks at 31.85, 34.06 and 58.57 for the
CuO. The weak diffraction peak at 36.21 and 42.28 indexed
the planes (111) and (200) of the face-centered-cubic structure
of Cu2O nanoparticles. The present experimental results were
found to be in agreement with the reported diffraction patterns
of CuO [25] and Cu2O [26] nanoparticles.
3.5. FTIR study
FTIR analysis was carried out to determine the functional
groups present in ABF/ABL extract. In Figure 6, the FTIR
peaks at around 3270 and 3230 cm1 correspond to O–H
stretching vibrations, whereas 2933 cm1 attributed to the
symmetric and asymmetric C–H stretching vibration of
ﬂavonoids/phenolic, respectively [27]. The peaks at
1642 cm1 correspond to the C‚O whereas 1588 cm1 corre-
sponds to C‚C stretch in aromatic rings. The peaks at 1408
and 1390 cm1 correspond to the O–H bend of polyphenol,
conﬁrm the presence of an aromatic group [28].
Subsequently, the absorption peaks at 1013 and 1044 cm1
were assigned for C–O–C and secondary –OH of the phenolic
Figure 6 FTIR spectrum of the (a) ABF and (b) ABL extract.
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functional groups of the ABF/ABL may participate in the
reduction process.
3.6. Evaluation of antioxidant activity
In the present study, the green synthesized CuO-NPs antioxi-
dant potential was evaluated against DPPH with different con-
centration (0.5–2.5 mM) as shown in Figure 7. It was found
that, scavenging activity responds to CuO-NPs with dose
dependent concentration and the antioxidant efﬁcacy of
CuO-NPs synthesized by ABF is higher than ABL against
DPPHÆassay. The DPPHÆradical scavenging activities were
found to be maximum of 89.02% in 1 mM for ABF CuO-0,5 1,0 1,5 2,0 2,5
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Figure 7 Antioxidant activity of synthesized CuO-NPs.NPs whereas 75.92% in 1 mM for ABL CuO-NPs. The
improved antioxidant efﬁcacy may be due to the presence of
more bioactive molecules in ABF than ABL extract, which
play a role as an encapsulating agent in CuO-NPs and the
CuO-NPs are spherical in shape with larger surface area.
The highest antioxidant efﬁcacy of CuO-NPs against DPPHÆ
is probably derived, through the electrostatic attraction
between negatively charged bioactive compounds (COO,
O) and neutral or positively charged nanoparticles. CuO-
NPs bound to the phytochemicals and their bioactivity
increase synergistically. The effect of activity depends on the
site of attachment of the metals and its consequent impact
on the activity of the antioxidant agent [13,29].
4. Conclusion
In this report, a novel method for fabrication of Cu-ONPs
using non-toxic/biodegradable Andean blackberry fruit and
leaf material is presented. The formation of CuO-NPs was
characterized by UV–Vis, DLS, TEM and XRD. It was found
that the mean diameter of CuO-NPs, synthesized by using
Andean blackberry fruit (43.3 nm) was smaller than the leaf
(52.5 nm). The improved antioxidant efﬁcacy of CuO-NPs
(89.02% and 75.92% for 1 mM) is observed due to encapsula-
tion of phytochemicals and spherical shape.
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